Four cases of the iatrogenic nondiabetic hyperosmolar state are presented. The clinical presentation, biochemical findings and management are discussed. No hypertonic solution should be infused at a rate above the level of patient tolerance; irrigation of a hollow viscus with a hypertonic solution should be avoided, and salt should not be used as an emetic. Patients under stress are particularly prone to this condition, largely because of the high circulating cortisol levels. The use of corticosteroids, salt-containing solutions in excess of patient requirements, water depletion and intravenous nutrition in the absence of careful biochemical monitoring, are all factors which may precipitate the hyperosmolar state in the critically ill.
Introduction
Osmotic pressure is proportional to the molal concentration of particles. A molal concentration is expressed as moles solute per kilogram solvent on a solute to solvent weight basis. This observation is the basis for the most commonly used method ofmeasuring osmolality. The normal serum osmolality falls in the range 275 -295 mosmol/kg. Sodium and its salts and other electrolytes contribute approximately 275 mosmol/kg to the serum. Glucose and nonprotein nitrogen contribute about 10 mosmol/kg. Urea is included in the measurement of osmolality, but since it passes freely between the various body fluid compartments, it is unlikely to produce coma unless there are very large and rapid increases such as following therapeutic urea infusion for cerebral oedema. Dorwart & Chalmers (1975) compared methods for calculating serum osmolality from chemical concentration and found that the following equation produced only ± 16 mosmol/kg difference. Osmolality = 1.86 Na mmol/l + glucose mmol/1+ 2 blood urea mmol/l + 9
Subsequently it was suggested that the formula should be simple and accurate and that the following would be of most benefit to the physician. Osmolality = 2 Na mmol/l + glucose mmol/I + 2 blood urea mmol/l This is the method of calculation which has been used in the following cases where serum osmolality has not been determined by the rate of freezing point depression.
A determined osmolality minus the calculated osmolality of more than 40 mosmol/kg is considered to reflect a grave prognosis. In the presence of gross hyperlipaemia or hyperproteinaemia, the difference may be greater than 40 mosmol/kg; the calculated osmolality being spuriously low, under such circumstances the determined osmolality will be accurate. Errors may arise when osmolality is calculated from blood taken during a lipid infusion.
The following case reports illustrate the ease with which fatal hyperosmolar states can be introduced by inappropriate patient management. A normotensive female, aged 62 years, with no evidence of vascular disease, was admitted for investigation of abdominal pain. Two years previously she underwent a cholecystectomy for gallstones. This was followed by septicaemia and acute renal failure from which, following a period of dialysis, she made a good recovery.
An intravenous cholangiogram was arranged, and during its performance she was given in error 3800 mosmoles of dextrose (1 litre of 50% dextrose) over 30 minutes. Immediately following the infusion she had a grand mal seizure, associated with neck stiffness and deviation of the eyes to the right. She was transferred to the intensive therapy unit where peritoneal dialysis and intermittent positive-pressure ventilation (IPPV) were instituted. Investigations following admission to the unit (when the patient was being hand ventilated on oxygen) included: glucose 80.5 mmol/l; Na 129 mmol/l; K 3.1 mmol/l; urea 10.2 mmol/l; Astrup analysis pH 7.07; Pao2 30 kPa; Paco2 5.6 kPa; base excess 16 mmol/l; standard bicarbonate 1 1.0 mmol/l. Frusemide 40 mg and 48 units of soluble insulin were administered immediately ( Figure 1) . A chest X-ray taken at the time of admission showed pulmonary oedema. Investigations over the next three days are charted in Figure 1 . Over the subsequent 24 hours she continued to have grand mal convulsions which were difficult to control. A lumbar puncture revealed blood stained CSF. Despite intensive treatment over the subsequent two weeks, her pupils became fixed and dilated, and she progressively deteriorated and died. Autopsy revealed a large left intracerebral haemorrhage.
Comments: The recommendation at this time for drip infusion cholangiography was 40 ml of 50% iodipamide meglumine (Biligrafin Forte) administered in 250 ml of 30% dextrose (1660 mosmol/kg) given over a period of one hour. Biligrafin Forte is known to be hypertonic (determined osmolality 670 mosmol/kg) and its addition as recommended would predispose even the healthy individual to the hyperosmolar state. Intravenous cholangiography is now conducted using intravenous Biligram (17% meglumine ioglycamate) (determined osmolality 262 mosmol/kg).
It is well recognized that an acute rise in serum osmolality in the absence of dehydration may be complicated by acute expansion of the intravascular space and a consequent rise in left atrial pressure. The chest X-ray following the infusion was consistent with pulmonary oedema. The jugular venous pressure was raised clinically on admission to the intensive therapy unit. but by the time the central venous pressure line had been inserted (2 hours later) the patient had passed 1500 ml of urine and the right atrial pressure was recorded at 0 cmH2O. It is probable that insulin had lowered the plasma osmolality (by increasing the rate of transfer of glucose into the cell) thereby producing a shift of water from the vascular space into the cell. Plasma volume was further lowered by the use of a thiazide diuretic. Bernhoff (1970) has shown that myocardial contractile force is reduced by rapid infusions of hypertonic carbohydrate solutions; this was probably another contributory factor in producing pulmonary oedema. The intracerebral haemorrhage was presumably related to acute brain shrinkage and tearing of a cerebral vessel.
Case 2 A male, aged 54 years, was admitted from another hospital to Whipps Cross Hospital intensive therapy unit following two cardiac arrests with resuscitation at the first hospital. During the course of resuscitation he had received intravenously 6400 mg of lignocaine and 1600 mmol of bicarbonate and sodium ions as sodium bicarbonate.
Initial investigations included: Na 168 mmol/l; Cl 104 mmol/l; K 2.4 mmol/l; Astrup analysis pH 7.86; base excess 20 mmol/l; standard bicarbonate 60 mmol/l; plasma osmolality 355 mosmol/kg; and urine osmolality 494 mosmol/kg. These results confirmed a severe hypernatraemic hypokalaemic alkalosis. IPPV and peritoneal dialysis using 30-minute cycles of full strength Hartmann's solution (25 mosmol/kg) were commenced. Intravenous fluids consisted of 5% dextrose with potassium supplements. Twelve hours after admission results of investigations were as follows: Na 156 mmol/l; K 3.0 mmol/l; Astrup analysis pH 7.67; base excess 20 mmol/l; standard bicarbonate 59 mmol/l; Pao2 90 kPa. However, his general condition remained poor with multiple episodes of ventricular tachycardia requiring direct current cardioversion. Figure 2 shows the steady improvement in the patient's blood biochemistry; despite this the patient continued to deteriorate and on the fifth hospital day his right pupil became dilated and fixed. He died on the sixth day. Autopsy was refused.
Comments: The hypernatraemic hyperosmolar state related to overenthusiastic use of sodium bicarbonate during resuscitation is well documented (Matter et al. 1974 bicarbonate ions, and its subsequent use should be based on sequential pH and acid-base determinations. Once cardiac output is restored following resuscitation, cellular perfusion improves and anaerobic metabolism ceases. There is, therefore, a natural tendency towards improvement, the lactate being returned to the liver where it is metabolized to bicarbonate. Over-enthusiastic use of bicarbonate frequently leads to an overswing, the patient developing a metabolic alkalosis with attendant complications, a shift of the oxyhaemoglobin dissociation curve to the left and respiratory depression. One millimole of sodium ions is infused with every millimole of bicarbonate; there is thus a potent tendency towards hypernatraemia, potentiated by the frequent occurrence of oliguria and diminished urinary sodium following resuscitation.
Case 3 A male, aged 69 years, was admitted for cystodiathermy of a recurrent villous papilloma and transvesical prostatectomy. Past medical history included a cystodiathermy one year previously with no complications. On 4.C1.75 a suprapubic prostatectomy was performed. He was returned to the ward at 17:30 with instructions to have quarter-hourly irrigations of the bladder with 100 ml of 3.8%i sodium citrate. Bladder irrigation was performed with difficulty, the urethral catheter becoming repeatedly blocked; this necessitated recatheterization on two occasions, with adequate drainage being achieved at 24:00 (6' hours after irrigation was commenced). At 03:00 the following day the patient's condition deteriorated; he became acutely breathless, there was generalized fasciculation of his muscles and his hands were noted to be held in the position of 'la main d'accoucheur'. Electrolytes at this time showed: Na 162 mmol/l; K 2.9 mmol/l; C1 89 mmol/L; urea 7.6 mmol/l; serum calcium 2.25 mmol/l. The standard bicarbonate was not estimated. A right atrial pressure line was inserted and gave a reading of 1.5 cm of water. Bladder irrigations were continued half-hourly. At 08:00 he was noted to have a positive Trousseau's sign; 10 ml of 10% calcium gluconate was given. Electrolyte results at this time showed Na 160 mmol/l; K 2.9 mmol/l; Cl 84 mmol/l; standard bicarbonate 43 mmol/l. It was thought that the metabolic alkalosis and hypernatraemia could be secondary to the sodium citrate bladder irrigations which were therefore changed to normal saline. Repeat electrolytes at 17:00 showed Na 155 mmol/l; K 3.2 mmol/l; Cl 81 mmol/l; urea 10 mmol/l. At 06:00 on 6.11.75 he was confused and restless: Astrup analysis pH 7.55; Paco2 6.7 kPa; base excess 18 mmol/l. That night his condition deteriorated and early on 7.11.75 he had a cardiac arrest; he was transferred to the intensive therapy unit and ventilated. He slowly deteriorated and died on 13.12.75.
Comments: 3.8% sodium citrate should not be used for irrigation of a hollow viscus. The solution is hypertonic (approximately 380 mosmol/kg according to the laboratory estimation). It is probable that absorption of sodium ions could largely account for the rise in serum sodium, since (based on the right atrial pressure and blood urea) there was no definite evidence of severe depletion in intravascular blood volume. The metabolic alkalosis was presumably secondary to absorption of citrate, the citrate being metabolized by the liver to bicarbonate. (Sodium citrate is only partially ionizable whereas sodium bicarbonate, into which it is converted in the body, is totally ionizable, one millimole of sodium citrate thus yielding 2 milliosmoles of osmolality.) The fall in serum potassium could partly be related to total body potassium depletion (the potassium being lost via the bladder irrigation) and partly to intracellular exchange with hydrogen ions in order to restore intravascular pH. The serum calcium 2.25 mmol/l was within normal limits for a hospitalized patient, but the severe metabolic alkalosis must have produced a fall in the ionized fraction which, in conjunction with the low serum potassium, could readily account for the tetany.
Case 4
A 29-year-old mentally subnormal female patient in a mental hospital, who was on regular doses of chlorpromazine, haloperidol and diazepam, was seen to swallow some crayons and a plastic Lego brick. She was given a salt emetic estimated as approximately 3 level dessertspoonfuls of salt in 4 pints of water. This caused her to vomit but due to the uncertainty as to whether any objects remained, she was transferred to the accident and emergency department, Whipps Cross Hospital. On arrival approximately one hour later she was unconscious, but responded to painful stimuli by groaning. Blood pressure was 110/70, pulse 80/minute, respiration rate 20/minute. Subsequent progress is illustrated in Figure 3 .
She received a gastric lavage with a 3-litre exchange of water and the first aspirate was kept for analysis (this later was reported as containing an ionic concentration of sodium 1580 mmol/l, chloride 1340 mmol/l). Frusemide 80 mg was given intravenously, and an intravenous infusion of 5% dextrose was commenced at 11:50. Initial biochemistry taken at 11:45 revealed urea 8.0 mmol/l; Cl 118 mmol/l; K 3.1 mmol/l; Na 151 mmol/l; glucose 5 mmol/l. Subsequent progress is shown in Figure 3 .
At 14:30 the patient was conscious and moving all four limbs, although incontinent of urine.
At 16:00 after she had received approximately 2000 ml of 5% dextrose, biochemisty was as follows: creatinine 141 Imol/l; urea 6.5 mmol/l; bicarbonate 19 mmol/l; K 4.3 mmol/l; Na > 168 mmol/l; Cl> 136 mmol/l; determined serum osmolality 400 mosmol/l. At 18:00 she developed tachycardia and proceeded to a series of grand mal convulsions. The rate of intravenous infusion was increased to 1000 ml 5% dextrose half-hourly, and she also received 250 ml 20% mannitol and 80 mg frusemide intravenously. transferred to the intensive therapy unit. At this time she was unconscious, responding to painful stimuli only, and her pupils were responding to light. Her pulse was 100/minute, blood pressure 100/60, temperature 40°C. Shortly afterwards, she had a further series of grand mal convulsions, and was given diazepam and phenytoin. The 5% dextrose infusion was continued.
Her condition had deteriorated: Astrupanalysis pH 7.17; Pao2 5.6 kPa; Paco2 3.0 kPa; base excess 18 mmol/l, standard bicarbonate 10.5 mmol/l. She was intubated and ventilated. During the course of the night, her blood pressure fell steadily and her tachycardia increased, the right atrial pressure remaining within normal limits. Her pupils were nonreactive to light. By early morning, she stopped passing urine and the right atrial pressure began to rise.
Investigations showed: creatinine 292 jmol/l; K 2.6 mmol/l; Na 140 mmol/l; glucose 37.9 mmol/l. Although it was felt that irreversible brain damage had probably occurred, peritoneal dialysis was commenced with a solution consisting of 1000 ml full-strength Hartmann's solution (278 mosmol/kg) with 500 ml of Dialaflex 61 (364 mosmol/kg). The serum electrolytes quickly returned to normal; the hyperglycaemia was corrected with soluble insulin. Urine output started to improve later that day and peritoneal dialysis was discontinued 27 hours later.
In spite of the haemodynamic and biochemical improvement, pupils remained fixed and dilated. There was no response to stimulation and no attempt at spontaneous respiration. An EEG performed 3 days after the incident showed no cerebral activity. She deteriorated and died 4 days after the incident. A post-mortem showed severe cerebral damage with multiple petechial haemorrhages in the brain, and evidence of chronic subarachnoid bleeding.
Comments: The hypernatraemic hyperosmolar state developing after the use of salt as an emetic is well documented (Barer et al. 1973 , Ward 1963 . In spite of these reports, recommendations for its use as an emetic are widely publicized. The emetic effect of sodium chloride is largely related to the hypertonic load to the stomach, but in certain individuals, especially in patients on anti-emetics, vomiting may not follow. For these reasons, salt should never be used as an emetic, since it is rapidly absorbed and, as in this patient, may be followed by a fatal hypernatraemic hyperosmolar state. It is of interest to note that Cashman & Shirkey (1970) reported that salt is only one-fourth as effective as syrup of ipecacuanha in promoting emesis. This unreliability makes its use even more dangerous. The features of particular interest in this patient were the extremely rapid rise in serum sodium and the rapid clinical deterioration. The clinical history and the analysis of the stomach aspirate should have indicated that radical therapy was indicated from the onset. The use of mannitol and frusemide was inappropriate, both agents tending to produce an excessive loss of water in relation to sodium ions (Berger et al. 1978) . The severe metabolic acidosis which developed is a well recognized complication (experimentally) of plasma hypertonicity (Sotos et al. 1962) . Clearly, peritoneal dialysis using an isatonic dialysate should have been started from the outset, since irreversible cerebral damage had occurred by the time it was instituted.
Discussion
In hyperosmolar states not related to diabetes mellitus, the clinical signs and symptoms may be minimal until the osmolality is dangerously high and are dependent on the rate of rise of the serum osmolality. In the hyperosmolar state of slow onset, the patient may complain of severe thirst and this is followed by various changes in the sensorium, including meningism, vestibular dysfunction, focal neurological signs, generalized convulsions and hyperthermia. When the onset of hyperosmolality is rapid, drowsiness, followed by generalized convulsions, deepening coma and respiratory arrest, ensue. This was demonstrated in Case 4.
The pathology of the hyperosmolar state occurring in acute hypernataemia (Case 4), and acute hyperglycaemia (Case 1), is severe brain shrinkage, distension of intracranial vessels and haemorrhage. Cerebral haemorrhage in the left cerebral hemisphere was demonstrated in Case 1, and multiple bleeding sites into the subarachnoid space were seen in Case 4. Pulmonary oedema (most probably related to an acutely expanded intravascular space and high left atrial pressure) may also occur if the patient is well hydrated and the serum osmolality raised rapidly by an intravenous hypertonic solution (Case 1). Renal failure occurring 6-12 hours after the acute precipitating event is common.
Experimental and clinical observation indicate that an increase in plasma osmolality to levels exceeding 350 mosmol/kg is potentially fatal (Sotos et al. 1960 (Sotos et al. , 1962 . In patients with the acute severe state with osmolalities greater than 350 mosmol/kg mortality is around 80%. If the state has developed slowly and recovery ensues, the patient may be left with permanent brain damage.
Biochemically it has been demonstrated experimentally (Sotos et al. 1962 ) that hypertonicity of body fluids is associated with a severe metabolic acidosis, cellular metabolism being disturbed with the consequent release of large quantities of hydrogen ions. Restoration of osmolality towards normal is associated with a decrease in the acidosis. Metabolic acidosis need not always ensue, as demonstrated in Case 3, where the citrate ion was converted by the liver to bicarbonate, producing a profound alkalosis. The hyperosmolar state complicating the use of sodium bicarbonate may or may not be associated with a metabolic alkalosis, depending upon the balance between the production of lactate by the hypoxic cell during the period of hypoperfusion and the number of bicarbonate ions given. In the chronic state, osmolality should be returned to normal over a period of 24-48 hours; a rapid return to normality may lead to respiratory depression of sufficient severity to necessitate mechanical ventilation. We feel that a more active approach to patient management should be adopted in cases where the serum osmolality on admission is greater than 350 mosmol/kg; where a hollow viscus has been irrigated with a hypertonic solution, or a solution has been ingested and a serious rise in serum osmolality can be anticipated. With oral ingestion there may be a delay in the rise of the serum osmolality. Therapy should be guided by analysis of the biochemistry of the gastic aspirate prior to washout.
Peritoneal dialysis using an isotonic dialysate can effectively correct serum osmolality; this should be performed with right atrial pressure monitoring, thereby ensuring a normal dynamic blood volume. A low right atrial pressure is an indication for fluid top-up with hypotonic 20% normal saline (60 mosmol/l). Thiazide diuretics and mannitol should not be used; acute volume expansion (complicated by a high left atrial pressure and pulmonary oedema) may be an indication for venesection.
Respiratory status should be carefully observed. Inadequate ventilation, and/or failure to compensate for an increasing metabolic acidosis, increasing coma or multiple convulsions are all indications for mechanical ventilation. Failure to breathe spontaneously after electrolytes have been restored to normal for 2-3 days is suggestive of permanent intracerebral damage and an EEG should be performed. Case 4 was managed in this manner.
It has been our experience, particularly in the elderly, that coma may be prolonged and return to normal alertness may take up to 3 weeks, in spite of the serum osmolality returning to normal within a few days of starting treatment. Lumbar puncture may be indicated to exclude a subarachnoid or intracerebral bleed.
Monitoring of blood gases, acid base status, blood urea, electrolytes and blood glucose is essential. Potassium replacement is generally required within four hours of starting fluid therapy with hypotonic solutions and should be regulated according to the serum potassium levels and renal potassium clearance. The blood glucose must be carefully observed, especially if the patient is on peritoneal dialysis. Insulin should be given if the blood glucose rises to 10 mmol/l or more, and is preferably given hourly as 4-8 units intravenously until the blood glucose has fallen to 7 mmol/l or less. The metabolic acidosis should not be corrected with sodium bicarbonate; it will steadily subside with fluid volume replacement and dialysis. Acute oliguria invariably occurs when serum osmolality due to hypernatreamia has risen above 340 mosmol/kg and usually lasts 2-3 days. It is essential, during this period, to decrease the rate of rise of blood urea by giving adequate calories and continuing dialysis. Timperley et al. (1974) have suggested that, in hyperosmolar states related to diabetic ketoacidosis, disseminated intravascular coagulation (DIC) within the brain could contribute to the mortality. We have not observed this phenomemon in nondiabetic hyperosmolar states, but clearly baseline coagulation indices should be taken at the time of admission and sequentially. Heparin should be considered if DIC is haematologically proven and the level of coma considered inappropriate for the severity of the metabolic abnormality.
